Purpose The purpose of this study is to report on the cumulative incidence and the outcome of surgically-treated postoperative PPFs in patients with femoral neck fractures treated with a THA or HA using an Exeter stem. Methods A consecutive series of patients operated during 1998-2010 due to a non-pathological femoral neck fracture using an Exeter stem were included in this cohort study. Patients were followed until 2012, or death, in order to obtain information about reoperations due to postoperative PPFs, and subsequent re-operations after surgery due to PPFs. In addition to local audit data the Swedish National Board of Health and Welfare's registry was used to identify patients who had been re-operated upon elsewhere in Sweden. Results A total of 2,757 patients (median age 82 years, 2,019 females) were identified and included in the study. Of these patients, 63 (2.3 %) sustained a postoperative PPF that was treated surgically. The majority of the Vancouver B1 (n=21/ 23) and C (n=14/14) fractures were treated using open reduction and internal fixation (ORIF), whereas most of the B2 (n= 16/25) fractures and the only B3 fracture were treated with stem revision. Three (4.8 %) patients were subsequently reoperated upon due to fracture-related complications, all B2 fractures, and were treated with ORIF (n=2) or stem revision (n=1). Conclusion The cumulative incidence of surgically treated PPFs was considerable among patients with Exeter stems operated due to a femoral neck fracture. The re-operation rate due to fracture-related complications was highest among patients with B2 fractures.
Introduction
A periprosthetic fracture (PPF) of the femur is a rare but devastating complication after hip arthroplasty. The main treatment goal is to obtain a stable prosthesis and fixation of the fracture, thus allowing early rehabilitation and thereby avoiding complications associated with immobilization.
The surgical treatment of a PPF can be challenging and must often combine the skills of a trauma surgeon and a hip revision surgeon. Cases with a well-fixed stem can be treated with open reduction and internal fixation (ORIF) . If the stem is unstable, it has to be revised and the femur stabilized around the new stem. It may be challenging to determine pre-operatively from the X-rays whether the stem is stable or not.
Berry reported an incidence for postoperative PPFs after hip arthroplasty for all causes of 1.1 % [1] . In the 2012 annual report from the Swedish Hip Arthroplasty Register (SHAR) a PPF is the fourth most common cause for re-operation (ORIF or stem revision) after a total hip arthroplasty (THA) [2] . In that nationwide patient cohort the absolute majority (84 %) of the patients were operated due to osteoarthritis. However, the SHAR struggles with underreporting of re-operations (ORIF or revision) for PPFs since, traditionally, mainly revisions are reported to the SHAR, leaving a number of PPF patients treated with ORIF unreported [2] .
Patients receiving a hip arthroplasty due to a fracture of the femoral neck constitute a group with an increased risk for sustaining a PPF [3] . The hip fracture patient is generally older and frailer than the osteoarthritis hip patient; in addition, osteoporosis is common among the hip fracture patients [4] .
To the best of our knowledge, there is no previous study exclusively examining the Exeter stem as treatment for hip fractures and its correlation with PPFs.
The purpose of this study was to report on the cumulative incidence and the outcome of surgically-treated postoperative PPFs in patients with femoral neck fractures treated with a THA or HA using an Exeter stem.
Patients and methods
The Stockholm South Hospital is a general hospital with a primary catchment area of around 650,000 residents. About 350 patients are treated every year with a primary hip arthroplasty due to a displaced femoral neck fracture, or a secondary arthroplasty due to sequelae after internal fixation of femoral neck fractures, such as non-union or avascular necrosis. The oldest patients (≥80 years) are operated upon using an HA, either bipolar or unipolar. Active lucid patients below 80 years of age are usually operated upon with a THA.
A consecutive series including all patients operated with a primary or secondary arthroplasty due to a non-pathological femoral neck fracture between January 1, 1998 and December 31, 2010 was identified and included in the study. Hereafter, this will be referred to as the index operation. In addition to audit data, all individual patient records were searched up to December 31, 2012, or death, in order to obtain information about all reoperations due to PPFs. Finally, the Swedish personal identification number was used to perform a search in the National Board of Health and Welfare's nationwide registry to find patients who had been re-operated upon elsewhere in Sweden. Two such cases were found. Mortality records were obtained from the Swedish National Cause of Death Register.
For patients with a PPF the pre-operative X-rays were analysed according to the Vancouver classification by the two investigators separately [5] . Both investigators are senior hip revision surgeons. The investigators disagreed about two cases in the Vancouver B group. After discussion resulting in a consensus, both cases were included in the subgroup B2. All fractures below a well-fixed stem in the femur were defined as Vancouver C fractures [5] . Patients with Vancouver A fractures were not included.
Surgical procedure for index operations
All patients were operated upon using a cemented Exeter stem (Stryker Howmedica, Kalamazoo, MI, USA) for the index operation. The Exeter stem is a wedge-formed polished steel stem which comes in a variety of sizes and offset possibilities. Fixation of the stem was achieved by a standard cementing technique using Gentamycin loaded cement (Biomet, Warsaw, IN, USA). Patients receiving a THA had an additional cemented OGEE or Marathon acetabular cup (DePuy Orthopaedics, Warsaw, IN, USA) whereas patients undergoing an HA procedure had a unipolar (Exeter Unipolar, Stryker Howmedica, Kalamazoo, MI, USA) or bipolar (Exeter bipolar, Stryker Howmedica, Kalamazoo, MI, USA) head according to the surgeons' preferences. The operations were performed by consultants or registrars under supervision of a consultant. Spinal anaesthesia was the standard procedure. A modified Hardinge approach with the patient in a lateral decubitus position was used in the majority of the cases [6] . All patients were given three doses of intravenous Cloxacillin 2 g as antibiotic prophylactics and low molecular-weight heparin was given as thromboembolic prophylactics. Postoperatively patients were mobilised the day after surgery and allowed weight bearing as tolerated.
Statistical analysis
The Mann-Whitney U-test was used for scale variables in independent groups. Nominal variables were tested with Fisher's exact test. All tests were two-sided. The results were considered significant at p<0.05. Kaplan-Meier survival analysis was performed. The statistical software used was IBM SPSS Statistics, Version 22 for Windows (IBM, New York, NY, USA).
Ethics
The study was conducted according to the Helsinki Declaration and was approved by the local ethics committee.
Results
A total of 2,757 consecutive patients (THA n=913 and HA n=1844) with a median follow-up time of 39 months (range zero to 178) were identified and included in the study. The median age was 82 years (range 45-102) and there were 2,019 (73 %) females. Of these patients, 63 (2.3 %) sustained a postoperative periprosthetic femoral fracture that was treated surgically. A Kaplan-Meier survival curve with a PPF, death or end of the study time as endpoints, is presented in Fig. 1 . There were no significant differences in the incidence of PPFs between THA (24/913, 2.6 %) and HA (39/1844, 2.1 %) patients (p=0.4). The median age of the 2,694 patients who did not sustain a PPF was 82 years (range 45-102) and the median age of the 63 PPF patients was 83 years (range 63-97) (p=0.4). There were 1,985 (74 %) females among the patients who did not sustain a PPF, and 34 females (54 %) (p=0.001) in the PPF group. The median time between the index operation and the PPF operation was 339 days (range six days-nine years).
The majority of the PPFs were classified as B2 (n=25) or B1 (n=23) according to the Vancouver classification, followed by 14 cases classified as C fractures [5] . Only one case was classified as a B3 fracture (Table 1) .
Forty four of the PPF patients were treated with ORIF, and 19 of the patients underwent a revision of the stem. The majority of the B1 (n=21/23) and all the C (n=14/14) fractures were treated using ORIF, whereas most of the B2 (n=16/25) fractures and the only B3 fracture were treated with stem revision (Table 1 ). All ORIF procedures were performed using a single lateral plate with either screws (n=25) or screws in combination with cerclage wires (n=19). The majority of the stem revisions were performed with a longer cemented stem (n=10) and a complementary lateral plate (n=2). In seven cases a distally fixed uncemented revision stem was used. No cortical strut grafts or double plate constructs were used.
A total of six of the PPF patients (5/44 ORIF and 1/19 revision) were re-operated upon, giving an overall reoperation rate of 9.5 %. The median time between the PPF operation and the re-operation was 71 days (range 14 days-29 months). Three (4.8 % of all patients) of the re-operations were performed due to fracture related complications, all in patients with B2 fractures (Fig. 2) . Of those, two patients had a refracture (one ORIF and one revision patient) and one patient treated with ORIF was re-operated upon due to a non-union. Three of the re-operations were performed due to a deep infection, and all were ORIF patients with B1 (n=2) or C (n=1) fractures. The poorest outcome of all was displayed by the patients with B2 fractures treated with ORIF whereof two out of nine (22 %) were re-operated upon. Details on the patients re-operated upon are presented in Table 2 .
The overall mortality at 30 days was 3.2 %, 11 % after three months and 25 % after one year. After two years, 35 % of the patients had died.
Discussion
An arthroplasty is now undoubtedly the treatment of choice for lucid, walking patients with displaced fractures of the femoral neck. However, this means that we are facing an increasing number of elderly frail patients with potential complications associated with arthroplasty surgery, such as a periprosthetic fracture.
In this study we found a high incidence (2.3 %) of patients who suffered from a postoperative PPF. Two of the most cited studies on the epidemiology of PPFs are those by Berry and Lindahl et al. [1, 7] . Berry reported a cumulative incidence of postoperative PPFs of 1.1 % after primary THA, and 4 % after Lindahl's data originate from the SHAR, in which the authors believe that there is a serious under reporting of PPFs treated with ORIF. Our reported incidence is almost six times higher than the incidence in the SHAR and more than double compared to Berry. There can be several reasons for this discrepancy. In addition to the above mentioned limitations, both Berry and Lindahl et al. report on patients with a mix of indications for the arthroplasties. Patients treated with arthroplasties due to femoral neck fractures are at considerably higher risk for sustaining a PPF compared to osteoarthritis patients [3] . Since an increasing number of patients are treated with an arthroplasty due to a femoral neck fracture, there is an obvious need to study this subgroup of patients separately. Several authors have reported on different outcomes in patients operated with an HA due to a femoral neck fracture. Philipps et al. reported an incidence of 1.7 % PPFs among 8,354 HAs due to hip fractures [8] . The prosthesis used consisted of a mix of the uncemented Austin-Moore prosthesis and several other cemented designs. The incidence of PPFs after the Austin-Moore prosthesis was 2.3 %, and 0.5 % for the two different Exeter stems used (the regular Exeter stem and the monobloc Exeter Trauma stem). Unfortunately, they do not state which patients were operated on with AustinMoore prosthesis and which patients were treated with modern cemented stem designs. Furthermore, McGraw et al. reported similar figures for their 546 HAs performed on patients with displaced fractures of the femoral neck [9] . The mean age of the group receiving the Austin-Moore prosthesis was 85 years, and 80 years for the group treated with an Exeter Trauma stem. The incidence of a PPF was 4 % for AustinMoore patients, whereas no PPFs occurred in the Exeter Trauma stem group. Thus, both of the later studies reported a lower incidence of PPFs in the Exeter stem groups compared to our results but, although not stated in the articles, it can be assumed that the cemented stems were used for the slightly more lucid and less frail patients.
Few studies have reported on the incidence of PPFs in THA patients treated due to a hip fracture. Hedbeck et al. reported one PPF in a four-year follow-up of 60 patients randomized to THA after a femoral neck fracture [10] . Johansson et al. reported a 15-year follow-up of a randomized controlled trial comparing internal fixation with THA for the treatment of displaced femoral neck fractures [11] . There was no PPF among the 68 patients allocated to THA, but one PPF in the internal fixation group 14 years after a secondary THA performed three months after failed internal fixation.
Treatment of PPFs according to the various Vancouver subgroups is widely debated in the literature and there are several review articles discussing current concepts [12] [13] [14] [15] . However, a comparison of results of treatment alternatives is difficult since most authors report on specific treatment options rather than on specific patient subgroups [16] [17] [18] . In general, Vancouver B1 fractures, which still have a wellfixed stem, are best treated with ORIF, and most authors advocate the use of a lateral plate. But the distinction between a B1 and a B2 fracture can be difficult to make [3] . In our series two of the 23 B1 fractures were treated with a stem revision, because intraoperatively the surgeons had concerns about the stability of the stem. We found that two out of 21 B1 (Fig. 1b) , the patient suffered from a new fracture. d The patient was finally re-operated upon with a long plate bridging the new fracture patients treated with ORIF were re-operated upon due to deep infections, but none were re-operated upon due to a fracture related complication.
An additional strut on lay graft or a second anterior plate has been proposed to increase the mechanical stability in certain cases [19] . Buttaro et al. reported on 14 patients with B1 fractures treated with locking compression plates [20] . Six of their 14 (43 %) patients failed to heal and were re-operated upon within the first year. The authors strongly advocate the use of additional strut grafts to increase stability. In a biomechanical in vitro study by Wahnert et al. the use of a conventional single locking plate construction, as the one used for ORIF in our cohort, yielded inferior axial stiffness and inferior resistence to varus/valgus stress compared to a plate designated for the treatment of PPFs. The authors propose the use of an additional plate, as a 90/90 construct, as a possible solution to enhance stability [21] . Furthermore, Lindahl et al. reported that the use of a single lateral plate was associated with a poor outcome [22] . This is in sharp contrast to our findings where no double plating or grafts were used, and in which only two of the 44 ORIF patients were re-operated upon due to fracturerelated complications. One possible explanation for our positive results after ORIF using single plating could be the design of the Exeter stem. The wedge-formed shape in the frontal plane and slim profile in the lateral plane allows for stable bicortical screw fixation on both sides of the stem through the cement mantle.
If the stem is loose, such as in the B2 and B3 fractures, a revision of the stem is advocated in most cases [13, 14, 19] . Pavlou et al. reviewed 202 type B fractures and found that B2 fractures undergoing stem revision were more likely to unite compared to ORIF [23] . Although a small number in our series, their results correspond well to our finding that two out of nine (22 %) B2 fractures treated with ORIF were reoperated upon due to fracture-related complications.
The ideal treatment option for Vancouver C fractures is ORIF as the stem is stable and by definition the fracture does not affect the stem [5] . One important consideration in these cases is implant length so as to avoid stress risers between the old and new implants.
When comparing the gender distribution between patients who suffered from a PPF and those who did not, we found an increased number of males among the PPF patients. This is in contrast to a recent report from Sheth et al. who reported female gender to be a risk factor in a large series of THA patients [24] . However, their patients were mainly operated upon due to osteoarthritis. Also recently, Schwarzkopf et al. stated in a review article that gender has not been convincingly demonstrated as a risk factor [25] , and we believe that no final conclusion regarding the gender issue can be drawn from our study either. 
Strengths and limitations
The major strength of this study is that it comprises a consecutive series of patients treated due to a single diagnosis with a single stem implant. Another strength is that the incidence calculated in this study most likely represents the true cumulative incidence of surgically-treated PPFs since all types of re-operations have been included, and nationally verified with the Swedish personal identification number. Limitations include its retrospective design and the lack of a patient control group for comparison.
Conclusion
The incidence of postoperative femoral periprosthetic fractures was high among patients with Exeter stems operated due to a femoral neck fracture. The re-operation rate due to fracture-related complications was highest among patients with B2 fractures. The Exeter stem was found to yield reliable results after ORIF using a single lateral plate.
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